Purpose New interspinous process decompression devices (IPDs) provide an alternative to conservative treatment and decompressive surgery for patients with neurogenic intermittent claudication (NIC) due to degenerative lumbar spinal stenosis (DLSS). APERIUS Ò is a minimally invasive IPD that can be implanted percutaneously. This multicentre prospective study was designed to make a preliminary evaluation of safety and effectiveness of this IPD up to 12 months post-implantation. Methods After percutaneous implantation in 156 patients with NIC due to DLSS, data on symptoms, quality of life, pain, and use of pain medication were obtained for up to 12 months.
Introduction
Degenerative lumbar spinal stenosis (DLSS) is the most common type of spinal stenosis, with a reported incidence of 2-8 % in the general population [1] . Neurogenic intermittent claudication (NIC) is the cardinal symptom of DLSS, presenting as numbness, weakness and discomfort in the legs (with or without back pain) during walking or prolonged standing. One of the characteristic findings in NIC is the regression of symptoms when sitting or forward bending [2] . Lumbar extension decreases the cross-sectional area of the dural sac as well as the neural foramina, causing compression on neural and vascular structures, which triggers exacerbation of the symptoms [3] [4] [5] .
Interspinous process decompression devices (IPDs) provide an alternative therapy to conservative treatment and are less invasive than open decompressive surgery for patients suffering from NIC. Biomechanical studies have shown that IPDs significantly reduce intradiscal pressure and facet load, and prevent narrowing of the spinal canal and neural foramen [6] .
The APERIUS Ò device (Kyphon Sàrl, Neuchâtel, Switzerland) is an IPD that can be implanted percutaneously. It is indicated for the treatment of patients suffering from 1-or 2-level symptomatic DLSS (L1-L5) with NIC, exacerbated in the upright posture or by extension of the lumbar spine and relieved by flexion.
This prospective, single-arm, post-marketing study of consecutive eligible cases in 12 centers in Germany, Belgium, and the United Kingdom was designed to assess the safety and effectiveness of the IPD up to 12 months post-procedure.
Materials and methods

Surgical technique
After radiographic identification of the surgical level, a 1.5-cm incision is made at the affected level, 6-10 cm lateral to the midline. Under fluoroscopy, an 8-mm sharp trocar is introduced and advanced toward the interspinous space, followed by blunt trocars of increasing size. The percutaneous insertion of increasing size trocars allows a gradual distraction of the interspinous area to achieve optimal decompression and prevent over-distraction. An inserter is then used to achieve correct placement of the bullet-shaped implant. By turning the actuating handle of the inserter, a compressive force is created, retracting the outer shell and thereby deploying 2 9 3 ''wings'' (Fig. 1) . The wings expand on each side of the spinous process, stabilizing the IPD on the midline and working with the intact supraspinous ligaments to keep the IPD in place.
Population
The IPD was implanted at symptomatic levels in 156 patients, 78 men and 78 women, aged 64.8 ± 11.9 years (range 19-84 years). At baseline, all patients had to have a history of DLSS (L1-L5), confirmed by MRI, with symptoms of NIC, including leg/buttock/groin pain, with or without back pain, relieved by flexion. If back pain was also present, it was to be partially relieved when flexed. Patients had to be able to sit for 50 min without pain and walk a distance of 20 m without pain.
Follow-up
The primary effectiveness endpoint was the change from baseline in Zurich Claudication Questionnaire (ZCQ) symptom severity at 6 weeks [7] . The mean change in ZCQ symptom severity and physical function [7] from baseline and mean improvements in EuroQoL 5 dimension (EQ5D) [8] questionnaire scores up to 12 months post-procedure were secondary effectiveness endpoints. Changes in physical examination data, visual analogue scale (VAS) pain assessments (for leg, buttock/groin, and back), walking condition and distance, use of pain medication, and adverse events (AEs) were also assessed. Immediate post-procedure radiographs were compared with follow-up radiographs by an independent radiologist to document maintenance of the position of the implant.
Statistical analysis
Results were expressed as means ± standard deviation (SD) for quantitative variables while counts and percentages were used for categorical findings. In figures, mean values were also reported with SD. Percent changes in pain VAS, ZCQ and EQ5D scores from baseline at subsequent time-points were associated with a two-sided 95 % confidence interval (95 % CI). Changes from baseline were also tested for significance by the classical Student's t test and the Wilcoxon signed-rank test.
Results were considered to be statistically significant at the 5 % critical level (p \ 0.05). All calculations were done with the SAS (Version 9.1) and S-PLUS (Version 6.2) statistical packages.
Clinical significance thresholds
Improvements in ZCQ, VAS and EQ5D scores were considered clinically significant when they reached a threshold defined in earlier publications [7, 9, 10] , as reported in Table 1 . This is described as the Minimum Clinically Important Difference (MCID).
Results
All patients were treated in the prone position (lying flat, face downwards): 97 % under general anesthesia and 3 % receiving a local anesthetic. Seventy-two patients (46 %) were treated at 1 level and 74 patients (47 %) at 2 levels; contrary to the protocol and approved use, 10 additional patients (6 %) were treated at 3 levels. At entry to the study, 50 % of patients had two levels of lumbar spinal stenosis and 44 % had one level, most commonly at L4-L5 (94 %) and/or L3-L4 (59 %). One patient suffered a spinous process fracture during the distraction phase of surgery and did not have an IPD implanted. The maximum trocar size ranged from 8 mm (1 % of cases) to 14 mm (48 % of cases). The IPD size also ranged from 8 to 14 mm, the most common being 12 mm (39 %). In 62 % of cases, the IPD implanted was the same size as the maximum trocar size used. The mean duration of the surgical procedure was 15.5 min for 1 level, 24.6 min for 2 levels and 39.1 min for 3 levels. No particular problems were encountered at L4-L5 in patients with a prominent iliac crest, and an oblique entry was sufficient to ease implantation. Baseline patient data are summarized in Table 2 .
Of the 156 patients with the device implanted, 154 were in the study at 6 weeks, 144 at 6 months, and 128 (82 %) completed the study to 12 months.
Six weeks post-procedure, the mean percentage change in ZCQ symptom severity score (Table 3 ) indicated a statistically significant improvement from baseline (p \ 0.001; 95 % CI 26.0-33.5 %), with 77 % of patients meeting the MCID threshold. The statistically significant improvement from baseline was maintained up to 12 months (p \ 0.001; 95 % CI 22.6-30.8 %), with 60 % of patients meeting the MCID threshold.
For the ZCQ Physical Function scores (Table 3) , a highly statistically significant improvement was observed from baseline from 6 weeks (p \ 0.001; 95 % CI 22.6-31.7 %) up to 12 months post-procedure (p \ 0.001; 95 % CI 20.8-29.7 %). At 12 months, 58 % of patients met the MCID threshold.
The evolution of ZCQ symptom severity and physical function scores up to 12 months post-procedure is presented in Figs. 2 and 3 . The ZCQ symptom severity score decreased from 3.0 ± 0.6 at screening to 2.1 ± 0.5 at 7 days and to 2.2 ± 0.9 at 12 months, while the mean ZCQ Physical Function score decreased from 2.5 ± 0.5 at screening to 2.3 ± 0.7 at 7 days and to 1.9 ± 0.7 at 12 months.
Twelve months post-procedure, 74 % of patients with IPDs implanted were judged by their physician to walk ''fluently'' versus 43 % of patients at baseline. An improvement in walking distance was also observed up to 12 months post-procedure (Fig. 4) , when 57 % of patients were able to cover [1,000 m versus 22 % at baseline ( Table 4) .
The VAS pain scores for leg, buttock/groin and back showed that pain decreased significantly (p \ 0.001) from baseline at all time-points. Immediate improvements were seen in leg and buttock/groin pain post-procedure and were maintained up to 12 months (Fig. 5) . The mean score for leg pain decreased from 6.2 ± 2.4 at screening to 2.3 ± 2.8 at 7 days, while the mean score for buttock/ groin pain decreased from 5.2 ± 3.1 at screening to 2.0 ± 2.8 at 7 days. A gradual improvement in back pain was observed (Fig. 5) : the mean score decreased from 5.9 ± 2.4 at screening to 4.6 ± 2.4 at 7 days and 3.7 ± 2.8 at 6 weeks, maintained thereafter up to 12 months. At 12 months, 54 and 62 % of patients met the MCID threshold for back and leg pain, respectively.
While pain scores decreased over time, the use of pain medication (including strong pain medication such as opioids) decreased. The number of patients requiring 3-times daily dosing rose 7 days post-procedure, but subsequently Number of levels at which patients had the IPD implanted fell (Fig. 6 ). Twelve months post-procedure, the percentage of patients requiring stronger pain medication such as codeine combinations or morphine was reduced and a high proportion of patients did not require any medication at all (65 % of patients vs. 25 % at baseline). The EQ5D data showed a statistically significant improvement from baseline up to 12 months post-procedure (p \ 0.001; 95 % CI 0.6-0.7). The EQ5D score improved from 0.4 ± 0.3 at screening to 0.6 ± 0.2 at 7 days and 0.7 ± 0.3 at 12 months. At 12 months, 65 % of patients met the MCID threshold for EQ5D.
The number of levels treated had no significant impact on changes in pain or ZCQ scores. Quality-of-life mean scores (EQ5D) were lower at baseline in patients treated at 2 or 3 levels (0.35 ± 0.32) than at a single level (0.48 ± 0.28), but showed greater improvement, with mean scores similar in the two sub-groups after surgery.
The effect of surgery on lordosis was estimated by measuring the L1-S1 angle from lateral view X-rays taken before and after implantation. From a mean (95 % CI) of 54.1°( 51.2-57.0) at screening, the mean angle decreased to 49.8°( 46.7-52.9) at 6 weeks, 51.6°(48.8-54.4) at 6 months, and 52.4°(49.1-55.6) at 12 months (46 patients).
Safety
Twelve serious adverse device effects (SADEs) were reported in 11 patients during the study.
One day after the procedure, 4 SADEs were reported: spinous process fracture, back pain, hematoma, and pain in extremity, each in 1 (0.6 %) patient. Between 2 and 7 days after the procedure, back pain was reported in 2 (1. 
Device position and removal
The final position of the IPD in the interspinous space was assessed by X-ray in the anterior-posterior and lateral views, which confirmed that the IPD position was correct and was maintained throughout the study, with no cases of implant dislocation observed. Eleven patients (7 %) had a reported spinous process fracture, 3 noted by the surgeons and a further 8 only by the central reader at a later stage. In one of these patients a fracture occurred during surgery, and the implant was not inserted. The implant was not removed from patients whose fracture was detected by later X-ray and who were asymptomatic.
During the 12-month post-procedure period, 14 (9 %) patients had their IPD removed (2 after up to 3 months, 3 after 3-6 months, and 9 after 6-12 months) due to persistent or recurring symptoms (10 cases), spinous process fracture (3 cases), or malpositioning (1 case). Two of the 3 spinous process fractures had been identified by the surgeons and one only by the central reader. Ten of the 14 patients had implants at one level only. No baseline risk factors for removal were identified other than gender (11/14 were male).
Discussion
In this multicenter, prospective study, the safety and effectiveness of the IPD was evaluated for 12 months in DLSS patients with NIC. The IPD effectively and quickly alleviated the symptoms of spinal stenosis as demonstrated by changes in ZCQ symptom severity and physical function scores, VAS pain scores, the use of pain medication, and improved walking distance.
The patient's outcome at 12 months post-procedure was based on the use of the MCID thresholds for score improvement [7, 9, 10] , considered to be the most objective parameter in the assessment of clinical outcome, providing an immediate evaluation of the effectiveness of the treatment. The data show that the IPD can be beneficial for up to 12 months after implantation in a high proportion of patients, with the majority of patients showing clinically important improvements in ZCQ symptom severity and physical function scores, VAS scores for pain, and EQ5D scores at 12 months versus baseline.
Following surgery, an immediate improvement was observed in leg and buttock/groin pain and ZCQ Symptom Severity; however, back pain and ZCQ Physical Function Screening, n (%) 7 days, n (%) 6 weeks, n (%) 6 months, n (%) 12 months, n (%) showed a more gradual improvement, which may suggest that patients with classical claudication and leg symptoms as their predominant complaints are the optimal target population for this IPD.
We did not see a significant long-term effect on the degree of lordosis in the patients with data in this study.
The most commonly reported SADEs up to 12 months post-procedure were back pain, spinal claudication and spinous process fracture. Spinous process fracture, observed here and in other studies of IPDs, may be considered as potentially risk related specifically to interspinous process decompression, both in terms of the procedure and the device itself [11] [12] [13] [14] . Fracture rates, and the means of detecting fractures, vary between studies, making direct comparisons difficult. The rate of 7 % overall (including 2 % reported by the surgeons) in this study was less than has been reported in a similar study of other IPDs (29 %) [15] , but is higher than in other studies where no central analysis of X-rays was undertaken [15, 16] .
During the 12 months post-procedure, 14/156 (9 %) patients had the IPD removed. The incidence of device removal during this time was higher than in some other studies [14, 15] but lower than in others [17, 18] . In a recently published systematic review of the effectiveness of interspinous implant surgery in a total of 563 patients with NIC, 6 % of devices were found to have required replacement or reoperation [19] . Although it cannot be performed percutaneously, removal of the IPD is straightforward with minimal risk, and leaves other treatment options open (including open decompression surgery, with or without fusion), as fibrotic scar tissue in the spinal canal is not formed following the percutaneous approach. Reoperation does not always require removal of the IPD.
Detailed analyses on potential predictors for a successful outcome at 12 months in the present study did not reveal many new insights to aid patient selection in future, possibly because the number of patients not benefiting from the procedure was relatively low, and the range of baseline characteristics often wide. More research is needed to define the optimal patient population for this type of procedure. However, the minimally invasive IPD is a viable alternative for selected patients, is quick and simple to implant, and leaves options open for further treatments in future.
Conclusions
Overall, these data indicate that in a period of up to 12 months follow-up, the safety and effectiveness of the Aperius Ò procedure and device offered a minimally invasive option for the relief of NIC complaints in patients with symptomatic DLSS with NIC. Further studies are underway to provide insight on outcomes and effectiveness compared to other decompression methods, and to develop guidance on optimal patient selection. 
